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Lord Armstrong. On. a Multiple Induction 


“ Ctn a Multiple Induction MacMue for producing High 
Tension Electricity, and on some remarkable Jiesults 
obtained with it.” By Lord Armstrong, C.B., F,K.,S. 
lieeciyed May 18,—Read June 16, 1892, 

[Platks 3—'loj 

It ig BOW neai'ly half a century since 1 undertook to design, for tlta 
Polytechnio luatitutlon then existing in London, a large hydro- 
cloctdc machine, on tlie plan of the smaller one I had previously 
designed for mjaelf. It was a very short time in my hands after its 
completion, and I had scarcely any opportunity of afterwards using 
it in the lecture room of the Institution. My experience with it was, 
however, sufficient to show me that its great power frns very much 
loss wlicii used in a room than in the outsido atmosphere when dry. 
I have ever since entertained the idea of constracthig a similar 
machine of equal or greater power for my private use; but, until 
lately, the exigencies of bnsinesa pursuits precluded my giving atten* 
tion to the subject. , 

On recommencing my espeiimonts on this branch of electrical 
science, iny immediate object was to improve the frictional apparatus 
of the steam jet, so as to obtain the greatest effieet From a given 
expenditure of etoum, while my ultimate intention was to construct 
a largo inaohinc Avith such a number of Jets as would ailbrd me a more 
copious supply of IrictioiitU electricity than could be obtained by any 
other convenient mean.?, 1 soon found, however, that the difficulty 
of obtaining cfficctuni Insulation in the open air, except under the 
most favourablo conditioua of Aveathor, Avonld involve great interrup¬ 
tion and disturbing effect, and 1 therefore turned my thoughts to the 
iuductioii coil as a souveo of high tension electricity, that Avoiild not 
only be independent of tho caprice of the Aveather, but Avmuld also 
save me from atmosplieric inclemency, which, however harinlesa it 
might have been in the youthful days of my hydro-electric expe¬ 
riences, could -not be safely endured at my present advanced period 
of life, 

I did not flatter myself that 1 could make any important improve¬ 
ment upon the Ruhmkorif coil. That remarkable instrument had 
been so long in. use, and had undergone so much development, that 
its career of progress might w^ell be eonaiderod as nearly, if not 
quite, played out. But although Ruhmkorif coils had been con- 
structed capable of yielding sparks of unprecedented length, yet it 
was obvious that the output of electric energy, Avhen estimated in 
ampere as well as in volt nieasnremeiit, nmat be relatively very 
inferior to tiiat of smaller coilsj in i^hich each convolution of the 
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SGCODdary wire is effected witli, muck less length of wire. In other 
words, a given weight of material utilised in'a number of small coils 
ought to yield a greater output of energy than the some weight used 
in the construction of one large coil, the best proportions of length to 
diameter being in each case adhered to. Moreover, it is well known 
that, with iudiiotiou coils of exceptional magnitude, the ordinary 
vibrating contact breaker cannot be efiicieutly employed on account 
of the rapid destruction of the platinum points; and the method of 
obviating this difficulty by breaking contact under a cover of alcohol 
is only compatible with slow actiou. Blit by dividing the work 
amongst .sevei-al coils, each with a separate vibrating contact breaker, 
this difficulty is avoided, and the frequency of the Bpai’k is multiplied 
in proportion to the number of coils and eoutact breakers. "Vritli 
tliese views, I obtained from Mr. Apps sis induction coils, each 
capable of yielding a maximum spark of 10^ inches. X had also a 
six-fold contact bi'caker constructed of the usual automatlo vibiniting 
type, and in which each vibrator was acted upon by an independent 
electro.magnet of the liorsc-shoe dsBCripIdon. In experimenting with 
a single contact breaker u.sed with a single coil, 1 found much 
ad vantage in augmenting the power of the working magnet, and in 
stilTeniiig and shortening the Bpring greatly beyond tho limits of 
ordinary practice. By so doing 1 was enabled to reduce tho raugo of 
vibmtion,and thus to obtain with a heavy-headed vibrator many times 
the usnal speed of oscillation without reciueiug tho length of spark in 
nearly the same proportion. Witli an extremely high speed of inter- 
riiption, I could obtain sparks 4 inches long in groat profusion, 
though not with vapidity equal to the rate of vibration. To iiceoin- 
plish that degree of rapidity the sparking distance had to be reduced 
to about one-half; but, considering that a spark of 2 inches is sup¬ 
posed to represent nearly i;t5,D00 volt.s when delivered between knobs, 
and wouhl probably give two-thlrda of that amount when delivered 
between points, 1 saw no snfficiout inducement to strive after longer 
sparks, ivhicli oan only be obtuined by great sacrifice of frequency, 
involving a general reduotioii of amperuge far exceeding the gfain 
ill voltage. 

By using two coils in series with an alcohol contact breaker worked 
slowly, I could got sparks 15 inches long; bnb I found so many diffi¬ 
culties and inconveniences in a serial arrangement, and so little to be 
gained by it, that I abandoned tbo pursuit of it, and confined my 
attention to a combination in parallel. In the first ir,.stance I em- 
jiloyed a secondary battery of seven large cells to supply the current 
for exciting my six coils, and T fully expected that'their united 
output would be proportionate to their number, but in this I was 
disappointed. I found that two coils gave me only about one and 
a-balf the effect of one, and that every additional coil gave a dimin- 
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igited incrcmenl of output. In fact, %vlien all tbe dx were in action, 
I only g‘ot about tbroo times the output I obtained from. one. It wii.s 
some time before I discovered the cause of this apparent anomaly; 
bat at last I traced it to the recoil cnireiitH fi^oni the condensers, 
which at caob interraption of the primary current had to pass tlircmgli 
the battery in the revci’se direction of the batiery ciiiTent. Thug a 
conflict of ctiri^eiits* was produced in the pninary circiTit, which 
checked the actjuisition of magnetism by the coilxS* I saw no remedy 
for this interfeicuce, except tho applicatimr of a separsite battery to 
each coil, and I accfTrdingly exchanged my single battery of seven 
large cells for six indepcndeut batt eries com posed of the same nitnibcT 
of cells proportioTaatcly reduced in si^e, aud when this was done I 
obtained the full measure of effcch 

Side by side wdth the multiple contact bi'caker I liave a mcchanicnl 
Contact breaker, in which the interi uptions ai'e effected by insulated 
cnni wheels fixed on a revulring shaft, which is fitted with spur gear 
for higli velocities. This mode of breaking contact has the advantage 
of (ausing the sparks to bo delivoi'cd in regular seqnoncc, %vith equal 
intervals beUveen them, It also enables tlm exact number of dis- 
charge-H per second to be aseertnined j bat the automatic interrupter 
gives a larger ontpufc, owing, I suppose, to tho fii.ct that each break 
of contact takes pkic© exactly at the moment w’Uen the Tnagnetisation 
oE the coil is matured, wdiereas ■with the meclianical break the a at no 
degree of coincidence cannot bo attained. The six coils are placed 
vertically benealh au ebonite tablo, through wbi(?h tho conneoting 
wires arc conveyed in strong glass tubes, which also servo as pillars 
lor supporting the sptirking points. These points are ad justable for 
any required length of siiark, and thoy operate in a radml direction 
against a metsillic conductor suiTouiHling an ebonite disc, which, by 
mcaua of an india-rubber band and multiplying gear, can bo very 
rapidly rotated; and, whether it bo at rest or in motion, it serves as 
a collector^ from which the niiited output of the coils can be drawn 
off. By robiting the wdieel and conveying tho enrront through a 
acxnes of 0 eissler tubes fixed upon it in various positions, extremely 
brilliant symuietidoal figures can be produced, but for ail other 
purposes rotation is dispensed wdtth, except to the extent of slight 
movements to regulate the length of spark without altering the 
adinstnicnt of the points. A switch-board is provided for the purpose 
of regulating the number of coils to be thi'Own into action, so that 
they can be used singly or in any required number. 

The power of this apparatus as indicated by the voltameter is much 
greater than that of the large hydro-elec brie machine made for the 
Polytechnic Institution, but it is very inferior to it in regard to length 
of spark, to wdiich, how'ever, I attach but little imporfcanco. I find it 
well adapted for experimental iuvestigation, and I have obtained with 
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it some verj intei'estiiig' results. A drawing of it accompanies tliis 
paper (Plate 2), 

My afctentioa was at first directed to tke heating effect o£ tlie 
secODdaiy current at an air gap on its circuit. The amount of heat 
dcYeloped at this point tv hen all the coils were in operation proved 
unexpectedly largc^ and I was surprised to find it almost entirely con¬ 
fined to the negative side of the gap. I found, alf^o, that vfhon the 
current passed in sparks very little heat Tvas exhibited. It was only 
when the passage of the current assumed tlio appearanoo and condi¬ 
tion of an arc that the heat Cftme into prominonco. Taking platinum 
wires of No. 27 B.W. gauge for the positiTe and negative terminals^ 
wdiich T shall call electrodes, to distiiigiiisli them from the sparking 
points at the collector^ I found that the ends could be drawn asunder 
to a distance of fully an inch before a decided stream of crackling 
sparks was elicited, and even, then the sparks preaented a has-.y 
appearance. On re-advn.ncing the ends to each other the sparks 
dimmished, while the haze increased and gradually assumed the con¬ 
dition of a pale blue arc. At a distanoo of 0'6 inch a wclhdefined 
arc could bo maintained, though not without a slight admixture of 
faint sparks, which followed the curvattne of the an;. At this dis¬ 
tance the licab was sufficient to fuse the end of the platlnnm wire 
forming the negative ©lectrocle, but the heat did not reach its maximum, 
until the separating distance was reducied to a few hundredths nf an 
inch. At that small distance the negative platinum melted with 
groat rapidity, and run back in a globnlc until it got but ot melting 
range of the arc. By following up tho moUecl globule by aleadily ad¬ 
vancing the positive wire, the negative tv ire fused at the rate of 
nearly 3 iuohea per ndniite - but, however long this process was con¬ 
tinued, tho positive wire remained to ali appearance perfectly cooh 
Ilctainiug the positive wire imaUercd, I lucreased by Buccessive steps 
the thickness of the negative Tvhe, to determine the point at wliich It 
became too thick to melt and run back in a globule, and It was not 
until I increased the ihickness up to 1C gauge, which corresponds to 
:i diameter of O'OOo inch, that I reached this limit. With that wiro 
ti*e end melted into a roniided form, hut no longer receded in a 
;raihering globule, as thinner wires did. Iridioplatinufu wire of 2L 
irange, containing 70 per cent, of mdium, readily melted and receded, 
tbouv^h not rapidly^ until the globule fell by its weight. In this 
instance the light emitted from the globule wfis so intolerably bright 
as to requii'e dai'kened spectacles to view it with impunity, I next 
prooec'dtHl to ascertain how far it was necessary to reduce the thick¬ 
ness of the positive wire before it exhibited an equal degree of hont 
with the thickest wire opposed to it on the negative side, and I found 
that 1 had to diminish its diameter to ^1 gauge before this equality 
WAS reached. Now, tho secfional area of No. 16 gauge is 42 times 
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Ibe aroa oE Jfo, 31 gauge, and from these figures an estimate may be 
formed of the difference in the dcTelopment of heat on the negative 
and poflitiye sides, When I employed tTvo carbon electrodes of equal 
thickness the greater development of hoR-t on the negative side -vras 
still very deoided, tliongh the difference was not so conspiciioTis as in 
the case of the platimim elcetrodcs. In the arc lamp the superiority 
of heat is largely on tbo positive carbon, and it is difficuit to account 
for the contiary result obtained in my expeiiments* 

T further varied these e:^periments by taking the positive di^^charge 
from the surJaco of acidulated water, in which enee the negative 
electrode was melted by the arc flame springing from the water- I 
Filso used for the positive electrode a lump of ice sprinkled with salt 
to make it condnot, and obtained the same result. A reversal of the 
current made the water boil at the surface and melted a hole in the 
ice, while the positive platinum remained unheated as usuah In 
another experiment I enclosed the two platinum eleetTOdcs in glass 
tubes sealed at the outer end, leaving about ^ inch of the platinum 
wire (No. 27) projecting beyond the glass. These sealed ends I im- 
mcT’sed in distilled water, and succeeded in melting the exposed per* 
tion of tlio negative wire while submei^ed in the water. 

In another case I used an iron wire negative 

side, retaining the platinum wire for the positive electrode. In this 
imtance the melted globule rmi back very quickly to a distance of 
about inch, then stopped and burst into intensely brilliant flame, 
wliich showed a strong disposition to cross over to the opposite side, 
but appeared to be beaten back by the blue flame of the arc. Part, 
however, <3id reach the pofiriiive electrode, and condetiBed upon it in 
the Rtjito of an oxide* My attention having been thus direetod to an 
appearance of conillcfc in the a.ro^ I diseardod the iron wire and .sub- 
stitutod a platinuiu wire dipped in a brino of common salt, so as to 
impart a distiugnishijig yellow colour to any flam© that might issue 
from the negative side in opposition to the flame emanating Irom the 
positive side. This oaiisod the arc to be exhibited under two colourw 
—a very decided yellow on the negative aide, and the same pale hazy 
blue as before on the positive side, but the yellow flame was beaten 
back by tlio blue flame. Flecks of yellow could, hoTpVever, be seen to 
get across occasionally. It was not so easy to prodtice yellow Same 
fTOm tho positive olectrode, because there was not sufficient beat in 
the positive wire to volatiliBc the salt; but by using a separate wire 
encrusted with salt, and holding it alternately immediately in front 
of each electrode, I could produce yellow flame on either side and 
observe the difference of its behaviour in the two cages. When held 
on the positive side a dense unbroken stream of yellow flame sup¬ 
planted the previous blue, and passed over bodily to the opposite 
wire ; but when held on the negative aide the yellow flame str uggled 
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with comparative feebleness to cross over, and only reached tho 
positive wire in scanty fragmentary portions> These appearances 
were strongly suggestivo of a dominating force emanating from the 
positive side and opposed by a weaker force of the same nature in the 
opposite direction. The oscillations which are known to attend every 
disruptive discharge necessarily in^mlve passages from tlie negative 
as wgII as tho positive side. In fact tho spark imist be regarded as 
consisting of a dying ont alternating current of prodigious frequency 
in which the positive alternations have,the ascendency over the so- 
called negative ones ; the excess constittitijig tho available current. 

Although the arc flame presented no appearance of flowing motion, 
I thought it noeessary to test the question of any movement in the 
longitudinai direction by bringing the arc in contact with ‘light 
powdered substances. For this purpose I placed a small heap of 
chalk du.st upon a plate of mica, and enused the arc Hanio to 2 }aHs 
through it, but noue of the dust was moved lengthways. Tiie dis¬ 
placement was entirely lateral, tho material being neatly heaped up 
on eaoli side in a ridge, which curved inwa.rd3 towards the points of 
tho eleotredoR, beyond which no disjflaocment w'as visible, The action 
appeared to be that of a gentle pmsh, ratlier them that of a suddcTi 
impulse; birt when sparks passed instead of flame, a .scattering force 
was exerted, which operated sideways, and not in tlm track of the 
spark. In this case T observed that the scattered dost showed a 
tendency to .settle upon tho plate in curved lines and symmetrical 
figures. I followed up this hint by sifting fine black dust upon 
white cardboard and passing sparks over tho .surface, and I thns 
obtained most nnmistakablo proof of symmetrical arrangement. 
Tins, however, w'as only a crude method of procedure, and it roipiired 
a gi’eat deal of perseverance and innumerable trials before I suc¬ 
ceeded in jiroducing the effect in a satisfactory manner. At length, 
however, T was enabled to 2 >rodacG ^Derfeot dust figures which pre¬ 
sented pictures of the disruptive discharge revealing the existence of 
forces of which the oye could otherwise take no cognizance. Many of 
these figures I got photographed on the spot, and a selection of them 
accompanies this paper. They represent the effect not of a single 
discharge bat of a succession of siiarks, generally beginning with a 
light one and gradually increasing the power as the dispersion pro¬ 
gressed. To put hII the power into one discharge had too much 
di.sporsive effect and produced great irregularity in the figure. A 
perfectly oven sifting of the dust was also essential to a good result, 
and this could only be effected by the entire exclusion of air draughts 
and a regulated action of the sieve. The bc.sfc kind of dust to be 
used and it,s proper degree of fineness were also matters requiring 
many experiment.s to determine. The dust which I ultimately used 
consisted of calcined magnesia worked up in a mortar with a suffi- 
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cient quantity of pure carbon to give a dark slate colour to tbe com¬ 
bined mass. Tbe carbon was in the form of an impalpable powder, 
and, I belieTS, consisted of purified lamp black. I tried every variety 
of discharge I could tbink of—sometimes weak and sometimes strong 
—sometimes from a single coil and sometimes from several in com¬ 
bination. The most powerful sparks were obtained by using all the 
six coils ill parallel and discharging them simultaneously by the 
action of a single alcoholic contact breaker common to tbe whole. I 
also nsed a Leyden battery, consisting of four ■^-gallon jars, which 
i joined up in varions ways both in parallel and in series, and in 
some cases introduced a wet string to soften the discharge. 

The circular lines which surround the main discharge, both hori¬ 
zontally and transversely, first demand attention. They appeal' to 
vepresoiit sections of concentric layers or shells, of which the spark is 
the nucleus. I'heir great similitude to the lines of force represented 
hy iron filings under the iiiHuence of a magnet is suggestive of similar 
causation, but f coaid not find any proof of their identity. The dis¬ 
tance to which this circular action extended was far beyond the limit 
exhibited by ithe photographs. Ey laying punches of extremely light 
dust on paper at various outside distance.^, I di.stinctly traced these 
linos at a distance of 18 inche.s from the centre of dispersion, ami 
there can be little question of the action existing in a lessoned degree 
at a still greater distance. It can hardly bo doubted that the particles 
of dust are linked together by polar attraction, snd they probably 
lepro-scnt similar conditions of the air jerked ont by the discharge, 
but whether it bo possible to regard them as indications of tracks of 
diffused discharge of a dillerout character from that of disruption is 
more than I dare vonturo to say. 1 am satisfied that they arc not 
niei’e ripples resulting from pulsatory vibrations of air, for I find 
ttmt radial pulsations produced by mechanical means merely clear a 
circle without the least toiideiicy to form sirniiar rings. I made the 
e.'cperiment by stretching a meuibrano over a tin cylindrical box, 
with a small air tube leading from tbe bottom to near the surface of 
a dusted card. The membrane was then set in motion by a rapid 
succe-ssion of light taps, which dispersed the dust in tho same manner 
a.s the spark did, but not the least indication of circular linos could 
lie seen, and yet air puffs play an important part in the process, 
for tbe effects arc greatly modified by screens, as will presently 
appear. 

Tbe figures also show in the most unmistakable manner that tbe 
wires, aa well as tbe spark, exercise a dispersive force, I am inclined 
to tbink that tlic dispersive action of tbe wire differs only in degree 
from that of tbe spark. We .see in the lines emanating from tbe 
wires evidence of a molecular disturbance in tbe material which 
shoots off tbe molecules of air in contact with the wire. When tbe 
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action is very strong, as it is near the sparking terminals, the 
external molecules trf tko metal are tkemselves shot offj as is evident 
from the fact that the positive wire hecomes redneed to a neck a little 
in rear of the sparking end when subjected to a prolonged succession 
of Leyden battery discharges. It is also well known that if a dis¬ 
charge from a powderful Leyden battery is sent tlirongh a very fine 
wire, the whole wire is exploded. Under ordinary conditions the 
cohesion of the molecules restrains their movement witliin very 
narrow limits, and confines their a.ction to mere impiiks© on the siir- 
roanding air. Wow, it appears to me that wo may regard the track 
of the spark as a line'of conducting air, which, having no cohesion, 
to keep its molccuies together, is exploded at every discharge, and, 
consetpiently, produces a far greater ■amount of dispersion than, the 
wire. The force* of the lateral discharge at short distance is very 
great. In all cases the dost beneath the coudneting wires was struck 
into tlio card, so as to leave a permanent delineation ot the wire. 
Tile dost also over all parts of Iho figure, wliero the action w^as 
strong, was forced into the card, so as to leave a stain after the loose 
dust w'as shaken oif, and thus a stained picture of romarkablo 
accuracy, crnbraciiig the greater part of tlio figure^ was in souio cases 
pre,served. 

In all the figures the .era anal ions from the positive and negative 
wires arc of the same character, but present a great superiority of power 
oil tlio positive side. This superiority is, however, much greater in 
the case of coil discharges than in battery disciiargos. This may he 
attributed to tho oscillatious between the iTiside and outside coatings 
of the ,Leyden jars sufering far less degnidation than those between 
the terminals of the coilSi If there were no degradation, the forces 
e.vortod on the ])ositive ami negative side would ho equal and over- 
lasting. Tho application of wet string to the battery lessens the 
diftbronoo between theso opposite forces, but it augments the lateral 
displacement of dust from both wires wddle it diminishea the explo¬ 
sive force of tho spark. 

Diagrams of the dust figures are annexed (Plates 2—13), but, 
though admirably drawn, they noces.sariIy fall .short of tho photo- 
graphs in showing the delieato lines and shadings of the actual 
figures. To suit the pages of tho ‘ Pi'oceedings,' the diagrams are 
rodacad to a.hout half the size of the originals, but tho exa,(;t scale is 
marked on each. The following is a descriptive list of the figures 

ISTo. 1 was produced by a succession of sparks from six combined 
coils discharged simultaneously. The tracks of tho'sparks, the sur¬ 
rounding circular lines, the impress of the positive and negative 

♦ In one case I knooked a largo piece out of the bottom of a thick glass trough, 
oonta.iiiing only an inch depth of watei', by discharging an, under-water spark aiouf^ 
the bottom. 
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Tvires, tho strong emanations from the positiVe wire and the feeble 
ones from the tiegafcivej are shown in this figure, as tycII as in most of 
those which are to follow. 

Wo. 2 may be regarded as a transYerso section of No. 1, being pro¬ 
duced by similar sparks delivered vertically through a hole in the 
dust plate when fixed boriaontally midway between the sparking 
points* It showa that the discharge is surrounded by oirenlar lines 
in the transverse as well as in the longitudinal direction. 

No. 3 is a similar transverse section taken, a little in front of the 
positive point- 

No. 4 is the same thing taken immediately in front of the negative 
point. 

No, 5 is taken transversely immediately behind the positive pointy 
and shows the radiations issuing from that part of the wdre. 

No. 5 a shows similar radiations from the positive wire at a distfinee 
of about 12 feet in rear of the sparking point. 

No. 6 was produced hy a soccession of discharge.s from four 
^-gallon Leyden jars joined up in pains^ two in parallel and two in 
series. It will be observed that the cimular liTic.s are much more 
strongly developed tlmn in the preceding figures^ but that the radi¬ 
ations from the wires are less so- 

No. 7 WAS produced in the same manner, and shows the dreular 
lines still more highly developed. 

No, 8 is the transverse section of No, 7 taken in the same manner 
as No. 2, 

No. 9 is the same as No. 7, except that the conducting wires are 
brought down upon the card at a steep angle. 

No. 10 was produced with battery discharges in the same manner 
as No. 6j but with a short wet string introduced to soften the dis¬ 
charge, This had the effect of greatly increasing the radiations both 
from the positive and negative wires^ while it roduced the develop* 
ment of the circular lines. 

No, H was producad under the same conditions as in the preceding 
case, except that the wet string was considerably lengthened. 

No. 12 was similarly produced, but with a still further increase in 
the length of the wet string. 

No. 13 was produced without any visible discharge across the dust 
plate. The same battery was used as in the last and several pre¬ 
ceding cases, but the Leyden jars were allowed to leak sufiGciently to 
prevent their reaching the sparking point. The same effect may he 
produced by taking the discharge at a by-pass with a shorter spark¬ 
ing gap than that on the dust plato. 

No* 14. In this case the battery was discarded and sparks only 
from the combined coils were used, the same as in No, 1, It shows 
the effect of splitting the positive current by the use of a double wire 
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re-nnited at the s^parkiii^ point. The double wire is bent into oppo¬ 
sing bends and angles to show the repellent action of the radial 
emanations from the wires. The resting places of the dust are very 
beautifully shown by the darkened spaiCes in this figure* 

No* 15 was produced in the Banie manner a.s the preceding, bnt on 
glass instead of card. As the dust ie so very easily moved on glass, 
only one coil was used, and it is reinR-i-kable that the disperaivo effect 
exhibited by tho double positive wires is actually greater than that 
of the spark itself. It will be seen that the dark impress of the wire 
is nn^re marked upon the glaHS than upon (lie card. It will be ob^ 
served also that there is.a very peculiar dark band lying outside of 
each wire and riininng parallel vvith it, and that each of these bands 
merges in a dark patch lying on each side of the sparking point* 
These bands and patches inay be assumed t,o roprcsoiit places wdiere 
the dispersive force is considerably subdued, 

No* 16 is a transverse section of battery discharges showing the de¬ 
flections of the circular lines produced by tlie interfemice of six 
glass tubes 2^ inches long and § inch in diameter, erected on the 
dust plate at equal distances from tho centre and from each other. 
It will be observed that tho lines are not obliterated beliind the tubo.s 
and that curious ne^v curves are deyclopod. 

No, 17 shows similar effects produced by heavier disehaiges on a 
more tidckly covered dust plate. In this case it will he seen that 
the circular outline of the figure is changed by the operation from 
a circular to a twelve-sided form. A blunted angle is thrown ont 
opposite each glass tubo and another midway bf^tween every two* 

No. 18 shows another dnsfc plate similarly ti^eatcd, but more lightly 
covered and without the glass tubes, instead of which two flat screens 
of cardboard, 3 inches high and 2 inches wdde, were fixed porpen- 
diculaidy on opposite sid^s of the centre. In this ca*se, all.hoiigh the 
lines curve inwards behind tho sereens, they gradually die out 
towards the centre and leave the middle portion undisturbed, but by 
reducing the height of the ecrcGna to the level of the sparking paint 
the whole sheltered space became wholly filled up with lines as in the 
two previous cases. 

No, 19 show-s the effect of inverting two wine glasses upon the 
dust plate so as to coyer two circular patches of the dust and protect 
them from the acfcioii of the air* In this case no Hues were found 
within the glasses. 

No. 20 shows a stained figure remaining on the card after the dust 
Avas shaken off. Although there arc some small poidions where the 
stain has failed, to take effect, tho figure is, upon the whole, preserved 
with remarkable accuiacy. 

No, 21 is another example of a stained figure in which some of the 
circular lines are discernible* 
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[Ifo, 22 shows a circular barrier of six wooden beinispheres, each 
Ig- inches dlameterj and touching one another, formed, round ilie centre 
of the dust plate, and the dust was swept <3ff the inner space before 
mating the experiment- The positiyo sparking point was level wdtli 
the top of the hemispheres, and the discharges were delivered from a 
Leyden battery of two 4-gallon jars in series. It will be seen that 
the whole of the dust outside the barrier is thrown iiitoltnes which 
form arches over oach touching point of the hemispheres, and that the 
spandrils are filled up with inverted curves- Although it is not easy 
to see how these arches and curves can be attributed to eddies, yet 
appearances favour the view that the lines are due to the combined 
effect of obstructed air drift and electric polarity. A barrier formed 
by a continuous perpendicular screen of the mme height as the hemi¬ 
spheres almost entirely prevents the formation of Vnian.—June 9*] 

liovertiTig to the subject of the development of heat at the nega¬ 
tive Bide of the arc, the question arises, from what source is the beat 
derived? It cannot be acquired by conduction from the flame, for 
mere conduction would heat both wires alike, nor can it be the result 
of convection, for the arc is stagnant in the longitudinal direction. 
The only explanation I can sec is that the nogativo wire requires 
time to take up the sudden gushes of cniToiit that come over from 
the opposite side, and wliich, not being instantly carried omvard, pro¬ 
duce a tumultuous agitation of molecules at the m;eiving end of the 
wire, resulting in the nitmiFestation of heat. The thicker the wire 
the greater the facility of passing on the current, and lumcft less heat 
is evolved in a tldck tliau in a tliln wire. On the other hand, the 
positive wire receives comparatively small returns, and therefore a 
relatively thin wdre suffices to pass on the pulsations without its being 
heated to ignition. But the qucsl ton remain-s, why is it that so much 
less heat is produced by the spatk discharge than by the arc di.s- 
charge ? Probably the chief reason is that tho s]:^ark represents less 
quantity of current, thongfi higher in potontiaL Another reason may 
be that the .spark expends more energy in mechanical distLirbauce 
tlian the arc, Then, agair:, there is the queafciou, what i-s tho relation 
betvvoeu the spark and the arc? I cannot find that the S[iark is 
possessed of mechanical impulse in tho direction of its length any 
more than the a7'c. Both produce lateral but not longitudinal dis- 
perSLon. 1 have diseharged a quick succession of powerful sparks in 
a downward direction so as to pierce a piece of tldck cardboard sus¬ 
pended from a delicate balance-beam, but vtdfhout effecting any de¬ 
cided disturbance of tlio balance* Every spark loft a burr on each 
side of the card apparently equal in size, ivkich alone is sufficient 
to show that tho spark does not pierce like a needle- Probably 
the arc and the spark are of much the same nature, the spark 
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being a single act of discharge and tlie arc a miiltitiidmous succes¬ 
sion of mi lintel j- divided sparks^ of ivLich none are snfEciently 
strong to produce any violent disturbance of tlie adjacent aii% Tlie 
hissing sound emitted by the arc scorns to favour this view. 

I now come to another sot of experimented which will only require 
a brief notice. They were designed to bIioav the effect of passing 
botli the arc and the spark through an intervening combustion 
flame. 

Speaking generally, the intervention of flame has mneh the sanie 
eficct in iiicieEising the length of the disruptive clixSchargc, whether 
in the shape of arc or spark, that is eifeeted by rarefaction of air; 
but I will hero only particu!arise some curious eftecta I obtained wdth 
tlic flame of pfiralliii caudles. The annexed series of illustrations 
cxllibit the effects obsei'ved in each case^ 



Ftg. t 


rig. 2. 


Flff. a 




Fig. 1 shows the positive "wire immersed in tho flame and the 
negative wdre clear of it, both wires being of platinum and of 22 

































188 


Lord Annstroiig* On a Alidtiple hiduGtion 

gaiig'e. A biilliEint jet of pale-yelloT^^ flame wsls projected from tlie 
positive wiie as sliown, but (3id not go beyond the cartdle flame. 
Nothing was to be seen in the intei-val between the flame and the 
negative wirCj whichj iioverthelesa, heated as usual. It is quite 
possiblGt however, that there might be an arc communication 
rendered invisible bj the intense brilliancy of the jet within the 
candle. 

Fig. 2 shows the negative wire immersed in the flame and the 
positive clear of it- Here the direction of the jet was reversed^ 
and the negative wire, instead of heating, became covered whk 
clot of carbon ; but with a thinner wire the negative did heat, and no 
clot of carbon w^as formecL 

Frg. H show^s the ettbet when L^th wires were clear of the flame. 
In this case two jets of brilliant light appeared in the flame with a 
slight separation and an appearantie of conflict between thenu 

Fig. show^s two candles broaght together so as to form one broad 
flamo in wdiich both wdros wmre immersed- In this case a large clot 
of carbon accumulated on both w'ircs, and neither of them heated. 
Am Dx ami nation of tlio cnrboii showed it to be deposited in very 
beautiful florescenfc and fern-like forms, It would have quickly 
filled up the wdiolc interior of the Same had flakes not fallen off us 
the gre\v in size. 

Fig. 5 shows the two candles drawn asunder so as to leave a small 
vacant space between them. Notliing could be seen to pass this 
dividing space, but tlm results remained the same as in iho previous 
case. 

The repellent action wliieli is exhibited in all these oases is not ea,sy 
to explain, seeing that the discharge on both sides seems boniided by 
the exterior of the candle flame. 

1 aux at present continuing my experiments, but under the altered 
couditioms of disohnige in ]'arDticd air. As tho.so experiments are far 
from complete, I must raserye them for a future coniiiEiunicntion, 

1 must not, however, close tliis present paper without refeiring to 
an experiment of quite a different type from any of the preceding, and 
which was made long ago with my largo hydra-electric machiiio. 
I El that instancG two wine glasses, filled to the brim with Kpocially- 
distilled water, w^oro placed in juxtaposition, leaving only a space of 
about inch between them. A long cotton thread was then coiled 
up in one glass and the upper end of the thiead dipped into the 
vvater of the other glas^. When the steam was turned on the thread 
was drawn out of the glass in wdiich it was coiled and conveyed wdlh 
great rapidity is to the other glass, and for a few momenta a rope of 
water remained suspended between the lips of the two glasses. It 
was only when the machine w-aa at its maximum power that I could 
do this, and it never reached its highest power wdien used wdthin the 
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London building; but with my multiplo maobine I bavG saecoeded in 
i cproduoing the GxpoTiniGiit m a modified lorm. Taking two 
of tlie form shown in fig. 6, placed near to each other as in the 
original exjjeriment, I inserted in one of them a block tin cup in the 
mannei shown in the figin’e. Into this onp I coiled a string composed 



+ 


FIs: 6. 


Figr- T, 


of ten strands of fine lamp cotton, wfiicli, when laid together, were 
<f a sufiiulent seotton to make an easy tit fur a hole of -t inch in 
diameter. Tho negative wire was put in contact with the tin enp 
and the positive wire was insertc-id in the other glass. The nppei- 
eiid of tho cotton string was tiien laid over the edges of the two 
glasses, and the tin cup and the positive glass were then each filled 
with cheraieallj pure water up to the same level. When the enrront 
W'as turned on the cotton string commenced to crawl ovei- tho edo-as of 
the two glasses, and never ceased to travel until it was bodily trans- 
ibrred from tlie negative cup into the positive glass. It was natural to 
expect that the water with which the cotton was loaded would travel 
with tlie cotton and raise tho level of tho water in the positive glass 
above the level of that in the tin cup, hut the contrary was the case. 
Tho water lowoi”ed in the positive glass and overflowed in the tin cup, 
the surplus descending into the empty space beneath the cup, where 
its quantity could be seen and estimated. In short, the cotton 
travelled one way and the water tho other, notwithstanding that the 
flow of the water -was in opposition to the motion of the cotton. No 
spark passed between tho glasses until the tail of the cotton ceased 
to touch the water in the cup, and then sparks passed in profusion. 
When the cotton was restrained from travelling, the water came over 
from the positive side in greater abundance, bat whoa the cotton was 
dispensed with, and the gap between the vessels was bridged by a 
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siphon glass tulio, the -water entirely ceasctl to pass. I am therefore 
led to believe that the intervention of capillarity is essential to the 
production of the effect. 

The tin cup ig not essential to this experiment, and was merely 
"iised to affvjrd a separate iodgtnent for the water brought over from 
the opposite side, and at the same time males the beat possible contact 
with the water it contained. 

Tig. 7 show's this experiment in a still more striking form, lu 
this case the positive glass was dispensed with, and the upper end of 
the cotton coil was passed into a glass bulb through a nozzle, the 
aperture in -which w'as just sufficient for the cotton to till without 
appreciable friction in moving. A knot was made at the end of the 
cotton to prevent its dropping hack through the aperture, and water 
was then poured into the bulb until nearly full, and a cork, with tho 
conducting wire through it, was inserted. The bulb was liold over 
the mctallie cup wdfch the nozzle dipping into the water. When the 
cniroutwas turned on the cotton climbed up verticaliv, and coutiuned 
to pass until it lilled the bulb. Even when the nozzle was lifted a 
Ipnu'tcr of an inch clem- of the water the cotton continued to travel. 
Tho smallest piirticle of salt added to the water, or a minute quantity 
of anytliing that increased its conducting power, destroyed tlio cJlect 
and caused gas to appear nt tho electrodes. 

The only experiment that 1 know of tlmt presents ai>y analogy to 
the effect thus obtained is that wliich appears to depend upon what 
is called electrical endo.mnosc, in which case a porous fliaphragm hn..s 
the power of tmnsmittiiig water from a cdl containing a positive 
clectrodo into an adjoining one containing a negative electrode, If 
we may assume the capillarity of the cotton to i'cpre.saiit the porosity 
of the diaphragm, it is reasonable to suppose it capable of ti'ansporting* 
rhe water, Tiien as to the cotton tx'aveilljig in the I’svcx’so direction, 
that may possibly Tto due to the reaction attending* the transmission 
of the fluid. At all oventg it would appear that capillarity Is con¬ 
trollable by electrioity, and the question arises, -what is the relation¬ 
ship between the one and tho other}' 

The difference in the action of the current in this experimont and 
in that which T made with, the hydro-electric machine consists in 
this :—Tliat in the early experiment ono thin cotton thread was 
moved with a high velocity, while in the latter experiment a mass of 
cotton equal to more than 100 siuiihir threads -was moved with a 
low velocity. This difference is probably due to the current being 
continuous in the one case and pulsatory in' the other, also to it,s 
being of higher potential and smaller volume in the hydro-eleufcric 
than ia the multiple machine. When I attempted to use a single 
fine thread with my present machine the ivater upon it immediately 
boiled, and the thread was destroyed by spai'ks. 
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